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Fracture Mechanical Study on the Charpy V-notch and
Fatigue Crack Propagation Behavior of Rail Steels
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Abstract

Since fatigue cracks in rail can be the source of fractures and subsequent derailments, quantitative
evaluation of the fatigue behavior and fracture properities due to the analysis results of laboratory
test are drawn on the basis for predicting fatigue life and making a decision of safe inspection
interval. Charpy V-notch and fracture toughness behavior were evaluated from the results of Charpy
impact test. Fatigue test was performed by using CT type specimen under constant amplitude loa-
ding, and finally the effects of the following parameters; crack orientation, temperature, and stress
ratio, on the fatigue crack growth behavior were studied.
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B 1. Chemical Composition of Test Rail Steel

Composition

Materials ¢ Si Mn P

S Ni Cr Sn Ti

SAM (used) 0.66 0.23 0.83 0.009
NEKK (used) 061 0.22 0.76 0.007

0.002 0.003 0.03 0.04 0.006
0.003 0.006 0.02 0.06 0.003

H 2. Mechanical Properties of Test Rail Steel

Properties Yield Tensile Elongation Young's Vicker’s
Strength Strength (%) Modulus Hardness
Materials (MPa) (MPa) (MPa)
SAM (used) 551.3 887.9 105 227305 230
NKK (used) 4694 889.84 113 272222 24.0

W44 WEW- 1994 %F 117

—1321—



gl 3. Test Specimens

mm, FE%73 025 mmsl FHFAANEHE A3}
sk v2dd 43AES FHs] 98 CTA
H7E ASTM E 647-91(CTH)TF 2] uhe} 22}
i 19 201M¢ o] AEH ANAYYL 3
A2 EHslAen E AT ALEE AlgHe
g4 2 e 29 33 2

3.3 WA % Wy

B A7 AHe3 Az/HAAE 7= Schima-
dzuAbell Al A 25 32 SEHF-UB25-70]) 30t
5 AMvlA Alg7lels, 9 EAA87]E 30kg' m
# EFAEVI[CIEH-30-S]olth. 8 & Aol
g3 AEEe ASTM AgEe Agsd
E]’.(M~ 16)

4. e ¥ D@

4.1 Charpy V-notch HE

Hdgol g FoAag AR R 2z o
F4UAE 1Y 498, 42 (lateral expansion)
& 28 59, AATHE(Fibrous Fracture(%))&

—1322—

~ 50} A NKK (Used) [
- L J L}
£ o ® Sempyo (Used} o " A
= T e sapyo (Urused) 4
E :m» [ 4 .
5 A
»

g 2 s
g s 1 lkgl-w = 9. 8N.9

[} : l Ift-1b = . 380

s i
0. . L " .
L] 100 200 300 400 500

Teaperature { °C )

1% 4. Relationships between Charpy Energy and
Temperature

sob 4 NK (Uaed)

® Sampyo {Used)
405 @ Sampyo (Unused)

»ae
>ae

» o

ot

b e

Lateral Expansion, { xE-2, ss )
8

- 1
1

$eemg”

0 100 00 300 400 500

Tewperature ( °C )

18] 5. Relationships between Lateral Expansion
and Temperature

120
-~ 100} 4
C -
¢ :
g &
= -
3 OF ¢ A MK (Used)
4
f 20 3 o Sampyo (Used)

s * Sampyo (Unused)
0 W08 . . .
0 100 200 3o ano 500

Teaperature { °C )

2@l 6. Relationships between Fibrous Fracture
and Temperature

19 69 YEtRth

OY 48 4EY AHgE A4t 8 Y3 NKKY
Hde A 2 Jqd A A9 2L FFoiArt
A S X ARSEA g d el wlE} FroiA)
7b AA Jehti o} F&Fel ddel ssAe
Aol AU A A4S & 5 stk
aelut olEg Aol EPE Ha AlEL:
Gl M Hde ARl BARll A 2e
FouAE Jehl 3 gon Holgkx 9HE 100
T oA 300C AlolYg & F U olgEe E

KT ARGRCN



v20 + o (MPa)
Steel 392
100
.
T Steet 784
) Steel 1274(HY-130)
¥osf Steel  1764{12Ni MARAGING)
£
E 49./
2 Steel  1960(18Ni MARAGING)
R § Titaniua 1078
el :Aluﬂmﬂ 372
Steal 1960
Alymious 7Y5

Tewperature ( C )

@& 7. Charpy V-notch Energy versus Tempera-
ture of Various Materials

A PrEgd o HridHE e Aol 1}
ehta glon, dgdamgel o ARTRE 0T
olal LxolAe] HAEFL S W, 1
g1 350C oldere dRde Uehie ¢899
AR ¢ F Uk §8, GFs FAsl
Bat FroluAel exstel BAE vehid 19
7% 2k

olg AHRW FJRATI} S48 27} 7}
ol uwat 2 FF AUAF wAE Holex
Qdouw FAsA et v, gR2w01 1960
MPa o|4¢l ZAoNE Holex dodo| BEY
7 VeSO 4 ok 9, B Aol gia
HAd7de 19 79 392MPa A9} 784 MPa A
Aol o] Au]EA A H8Tha & 5 AUk o4
ARy Y HY9e) HolLEIFLS 100C ~
300C A ) 28-L% Hsl o —50C ol A 50
T e 7ot o o) 2% ddore] i
HAnale 7bsAel B8 4 4 AUtk

4.2 mRelY K2 HE

o) E A 2§ FolUAZEY FHsE
stoll 9] Tl Kot AAHAANY KieE B7HE
& gol & dAyAtel o8 AL Bar-
somPol AAIF A A Q0 drh

K

N =5(CVN) [psi-in, ft-1b] ($10)]

714, Kue THGAAPAZA psi-in'?e] ©el

7}, CUN& 29 AHFpodx 24 ft-lb @47}
a8 Ex gA4ASRA psig9 st AREEch

BI4& O 1994 % 11 A

- HL
e ATk 5LV ) Ui an. (Ut

§  aof Ten 25 1 Sa.

. A a

s A

< 60

g e

40 ot "
Py -

- POPSE L IPRRY T ® Nk (Used)

;g » tetwt ™ ® Snapyo {Used)
- a

¥ & Sawpyo (Unused)
v 0

00 100 0 100 200 k] 400 00

Temperature { °C )

28| 8. Relationships between K and Tempera-
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33 11. Relationships between K and Tempera-
ture Proposed by Robert and Newton
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28 12. Crack Growth Rate at Room Temp. and
R=0.1, CT Specimen in All Orientation
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2@ 13. Crack Growth Rate at Room Temp. and
R=0.1, CT Specimen in All Orientation
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